Cuscuta campestris Yuncker, commonly known as Golden dodder is an annual problematic parasitic weed in abandoned and derelict areas in Malaysia. The weed is leafless plant, glabrous, yellow-white in colour, with haustoria, sucker-like attachments to the aerial parts of a wide range of host plants. This study was instituted to assess the allelopathic potentials of C. campestris on lettuce and radish as test plants. Three types of treatment using aqueous extract of fresh (fc), and dried s (dc) and ethanol extract of dried C. campestris (ec) were assayed for their allelopathic effects on radish (Raphanus sativus) and lettuce (Lactuca sativa) seeds. These extracts reduced seed germination, root and shoot lengths of both radish and lettuce. The roots of radish were more sensitive vis-à-vis the shoots when exposed to fc, while shoots were more sensitive than roots when exposed to dc. Dose-mediated differences in shoot and root lengths of radish were registered when treated with ec. The roots of lettuce were more sensitive compared with the shoots when exposed to ec, while no measurable effect was observed when roots and shoots of lettuce were exposed to fc and dc. The results demonstrated the allelopathic effects of dodder on the tested host plants. The potentials of these extracts and their chemical constituents as bioactive ingredients for new herbicides are implied.
Introduction
The term "allelopathy" was first coined by Molisch (1937) . Allelopathy involves the release of bioactive compounds or chemicals into the environment by plants or organisms, and their ensuing biochemical activities may affect the growth of other plant species or organism presence in the immediate environment (Rice, 1974 (Rice, & 1984 , or impacting predators, fungi or bacteria from growing in the area (Putnam, 1988; Rice, 1974) . Tesio and Ferrero (2010) showed that allelopathic activity was present in the annual and seasonal weeds, having an impact on agricultural crops especially giving effect by inhibiting the growth and proliferation of plants. Theoretically this allelopathic effect reduced seed germination. The implication of this finding would be extended toits application in commercial agriculture, principally in reducing seed germination of weeds (Singh et al., 2003) .
Plant allelopathy is a breakthrough in the field of agricultural science. Allelopathy serves as secondary metabolites, which result from the adaptation process of plants in relation to the hosts. Allelopathy evolution resulting from changes in the plant environment factors such as competition for oxygen, sources of nutrients, space and light has led to the production of secondary metabolites that serve as allelopathy (Inderjit et al., 2011) . In addition, there are several types of allelopathy in the form of chemical compounds such as alkaloids, sesqui-and terpenoids, which may serve as protective materials from the animals' herbivora (Macías, 2007) . Leslie and Stephen (2003) defined that these activities involved chemical mechanisms. The presence of this mechanism is evident that internal activity also plays a role in the protection of weedy plants.
Weeds population dynamics can be influenced by several inherent factors such as seed dormancy and the prevailing agro-edaphic factors in the habitat (Baki, 2007; Baki et al., 2009) . Another pertinent factor that affects plant growth include the presence of allelochemicals and the associated allelopathic activities, and this in turn may affect growth in the immediate environment principally in agricultural areas (Parker & Riches, 1993; Qasem, 2011) .
Cuscuta campestris Yuncker, a parasitic weed, has its own functional system of the haustoria to take nutrients from the host plants. The haustoria act as roots transferring nutrients from the host plants to C. campestris. The intricacy of nutrient transfer mechanism via the haustoria in C. campestris from the host plants has led to various studies being conducted to assess and evaluate these special traits (Press & Graves, 1995; Parker & Riches, 1993; Press & Pheonix, 2005) .
The principal objective of this study was to assess the allelopathic potentials of water aqueous extracts of fresh and dried C. campestris, and the ethanol extract of dried C. campestris on seed germination and growth of radish (Raphanus sativus L.) and lettuce (Lactuca sativa L.) seedlings.
Materials and Methods
Plant samples of Cuscuta campestris Yuncker was collected from Pekan Nanas, Johor, Malaysia (N 1°20' to N 2° 35' and E 102° 28' 59.9 " to E 104° 33' 52.9"). These samples were cleaned of any attached host plant materials followed by washing them with tap water for several times prior to storage in the refrigerator below 20°C until use. Three types of treatment were instituted for the purpose of samples preparation and bioassays: (i) water extract of fresh C. campestris (fc), (ii) water extract of dried C. campestris (dc) and (iii) ethanol extract of dried C. campestris (ec). The test plants for the bioassay were radish (Raphanus sativus L.) and lettuce (Lactuca sativa).
Preparation of Water Extract of Fresh C. campestris
A total of 40g of fresh C. campestris was cut into small pieces 1-2 cm and then macerated with a blender. These materials were then soaked in 8L of distilled water for 24h at 25 °C in a shaker, and placed on a shaker (Faravani et al. 2008) . The mixture was then filtered through four layers of cheesecloth. The supernatant was filtered again using paper "Whatman no. 42" as a stock solution for water extract of fresh C. campestris (40g/8L= 5000ppm).
Preparation of Water Extract of Dried C. campestris
About 200g of fresh C. campestris was dried in an oven at 40°C for 48h, after dried, take 40g of dried were pounded into powdered form, and about 8L of distilled water were then added in a conical flask, and left to soak for 24h. The mixture was then filtered through four layers of cheesecloth. The supernatant was filtered again using paper "Whatman no. 42" as a stock solution for water extract of dried C. campestris (40g /8L= 5000ppm).
Preparation of Ethanol Extract of C. campestris
About 200g of dried C. campestris samples were placed into a conical flask and was soaked with 95%of ethanol. The mixture was left to shake for 8 hours, and then left to soak for 3 days. The mixture was filtered with a "Whatman No. 42" filter paper. The filtrate was poured into the smaller round conical flask, and this was used for freed from the solvent under reduced pressure using rotary evaporator with 40°C on speed 5 to 6. The crude was placed in the bottle and was left to evaporate at room temperature. About 5g from the crude was adding 1000ml to become 5000ppm.
Bioassays
Dilutions were made with distilled water to concentrations of 1000ppm, 500ppm, 200ppm and 100ppm. Respective controls of 0ppm were prepared likewise for each type of extract. An 8ml aliquot of the extract was pipetted into each petri-dish that previously lined with a filter paper and sowed with 20 seeds of radish or lettuce. These treatments were place in a growth chamber model 818(230V, 860 watts) for 7 days. These routines were repeated 3 times for each type of extract. The percentage of seed germination, shoot and root lengths were recorded 7 days after treatment.
Analysis
The data on seed germination, shoot and root lengths of radish and lettuce were subjected to analysis of Variance (ANOVA) and any difference in treatment means were tested with LSD tests at p< 0.05 (Zar 2009; Ilori et al. 2010; Omezzine et al. 2011; Shahbaba 2012 The shoot and root lengths of treated radish and lettuce seedlings as percentages of the control were tested for growth promotion and inhibition was based on the formula:
Where pc and pt are the shoot or root lengths of the control and the treated sample, respectively.
Results

Allelopathic Effect of 3 Types of Extracts of Cuscuta campestris on Radish
The fresh plant extracts of C. campestris did not reduce seed germination of radish (Table 1) while, root and shoot lengths were also not affected despite the increase in dose from 100ppm to 5000ppm (Figure 2 ). In the same vein, exposure to dried plant and ethanol extracts of dodder also failed to register meaningful reductions in seed germination of radish. Albeit differences in the quanta of dose-mediated reductions in shoot growth following exposures to extracts of dried plant samples of C. campestris, these reductions were not significant. In contrast, similar exposures to ethanol extracts registered significant dose-mediated reductions in shoot and root growth of radish seedlings, with roots being more sensitive than shoots. Shoots and roots of radish were measurably more sensitive when exposed to ethanol extracts of dried sample with parallel increase in concentrations from 1000ppmto 5000ppm.For example, at the extreme dose of 5000ppm, the shoot length of 11.38mm compared with 32.60mm of control seedlings of radish. Similarly, the parallel figures for roots were 11.64mm (control) against 71.89mm (exposed to 5000ppm), fortifying the argument that the roots were more sensitive than shoots. Exposures to dried plant extracts of C. campestris did not inflict any significant reductions in shoot lengths of radish, even at the extreme does of 5000ppm. On the contrary, a similar exposure has led to erratic dose-mediated reduction, albeit small, in root lengths of radish. 
Allelopathic Effect of 3 Types of Extracts of Cuscuta campestris on Lettuce
The fresh and dried plant, and ethanol extracts of C. campestris failed to reduce seed germination of lettuce. The only exception was the exposure to 5000ppm of ethanol extracts of C. campestris which registered measurable and significant reduction in seed germination compared to the control (Table 2, Figure 3) . The roots and shoots of lettuce showed a significant reduction in lengths following exposure to ethanol extracts of dodder starting at 200ppm similar to those registered in radish. The lengths of lettuce shoots were very much affected by the ethanol extracts of C. campestris at 5000ppm concentration of but showed reduction in root lengths at 500ppm and beyond. Invariably, the roots of lettuce displayed enhanced growth after being exposed to ethanol plant extracts of dodder ranging from 100ppm to 200ppm. Thereafter, meaningful dose-dependent reductions in root lengths were observed. There were erratic responses following exposures to various doses of fresh and dried plant extracts of dodder in the root lengths of lettuce. The shoots of lettuce were more sensitive to exposures to fresh, dried or ethanol plant extracts of dodder compared to roots. However, the dose-mediated responses following exposures to those extracts were not clearly displayed. 
Conclusions
This study revealed the potential of dodder's extract as a potential bioherbicide. Despite erratic responses to the three different types of extracts of C. campestris, there was a general trend of dose-mediated deleterious effects on the growth of seedlings of the test plants, and in this case of lettuce and radish. However, growth enhancement of shoots of radish seedlings following exposures to 100-200ppm of ethanol extracts of dodder, fortifying the argument that these extracts can act as growth-promoting substances. There is a promotion or encouragement over the control of elongation occurs (refer Tables 1 and 2 ). The extracts may contain a lot of water, as can be seen in the non-deleterious effects of the extracts of fresh and dried plant materials of dodder on germination of radish and lettuce, registering almost100% germination. Seed germination of radish was inhibited by the ethanol extracts of dodder in excess of 5000ppm, while the growth of radish and lettuce seedlings as test plants were inhibited by dodder's ethanol extracts in excess of 200ppm.In fact, several previous studies have been carried out had proved that certain types of weeds can be slowed or inhibited the growth by using aqueous extracts allelopathic plant samples (Khanh et al.2008; Macías 2007; Omezzine et al. 2011; Yu et al. 2011) . Khanh (2008) suggested that allelochemicals from parasitic plants, including Cuscuta spp. might be useful for the development of bioactive pesticides in the future. Further, this study also proves that there are allelochemicals in Cuscuta campestris and many Cuscuta spp. inhibited the growth and the germination of seeds, including weeds that can influence plant population density (Yu et al. 2011) . 
